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U n i v e r s i t y  o f  S t u t t g a r t  
A b s t r a c t  - T h i s  paper  p r e s e n t s  r e s u l t s  o f  p o l l u -  
t i o n  t e s t s  w i t h  A . C .  v o l t a g e s  wh ich  were c a r r i e d  o u t  
w i t h  a m u l t i - u n i t  z i n c  o x i d e  a r r e s t e r .  The i n t e r a c t i o n  
between t h e  p o l l u t e d  p o r c e l a i n  hous ing  and t h e  i n n e r  
v a r i s t o r  column due t o  c a p a c i t i v e  coup1 i n g  has been 
found t o  be r e s p o n s i b l e  f o r  t h e  tempera ture  r i s e  o f  
v a r i s t o r  e lements.  The d i f f e r e n t  v o l t a g e  d i s t r i b u t i o n  
between i n s i d e  and o u t s i d e  o f  t h e  a r r e s t e r  a l s o  causes 
a h i g h  r a d i a l  e l e c t r i c  f i e l d  which can l e a d  t o  i n t e r n a l  
d ischarges  i f  t h e  r a d i a l  i n s u l a t i o n  system i s  n o t  prop-  
e r l y  des igned.  These i n t e r n a l  d ischarges  may damage 
v a r i s t o r  e lements wh ich  a r e  n o t  adequate ly  coated  and 
may cause a t o t a l  d e s t r u c t i o n  o f  t h e  a r r e s t e r .  
The shape o f  t h e  i n t e r n a l  and e x t e r n a l  c u r r e n t s  
due t o  d ischarges  i s  analysed.  A t e s t  method t o  compare 
d i f f e r e n t  a r r e s t e r  c o n s t r u c t i o n s  under  severe p o l l u t i o n  
i s  proposed. The method can a l s o  be a p p l i e d  t o  demon- 
s t r a t e  t h e  absence o f  d ischarges  f o r  a c e r t a i n  a r r e s t e r  
des ign  under  ext reme c o n d i t i o n s  o f  p o l l u t i o n  d u r i n g  
t y p e  t e s t s .  
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1 INTRODUCTION 
Z i n c  o x i d e  surge a r r e s t e r s  a r e  exposed t o  heavy 
thermal  and e l e c t r i c a l  s t r e s s e s  i f  t h e  p o r c e l a i n  
housings o f  t h e  a r r e s t e r  u n i t s  a r e  p o l l u t e d .  Together  
w i t h  o t h e r  env i ronmenta l  s t r e s s e s  such as temporary 
o v e r v o l t a g e s  o r  h i g h  tempera tures  t h i s  can l e a d  t o  
thermal  runaway o f  t h e  metal  o x i d e  a r r e s t e r  (MOA). 
I n  t h e  p a s t  i n  p o l l u t i o n  research  o f  MOAs a l o t  o f  
a t t e n t i o n  was p a i d  t o  t h e  c o u p l i n g  i n  o f  c u r r e n t s  a t  
t h e  f l a n g e s  o f  a m u l t i  u n i t  a r r e s t e r  w i t h  t h e  p o r c e l a i n  
housings n o n u n i f o r m l y  p o l l u t e d .  T h i s  e f f e c t  has a l s o  
been taken i n t o  account  i n  t h e  t e s t i n g  s tandard  / 4 /  f o r  
p o l l u t i o n  t e s t s  o f  MOAs. The e f f e c t  o f  c o u p l i n g  i n  
c u r r e n t s  a t  t h e  flange!; h e  t o  inhomogeneously p o l l u t e d  
housings can be avo ided .if t h e  t o t a l  v a r i s t o r  column i s  
i n c l u d e d  i n  a s i n g l e  housing / 6 / ,  Another  p rob lem 
caused by p o l l u t i o n  o f  MOAs i s  t h e  p a r t i a l  d ischarge 
phenomena i n s i d e  t h e  MO a r r e s t e r s  / 1 / , / 2 / .  These d i s -  
charges have been r e s p o n s i b l e  f o r  t h e  d e s t r u c t i o n  o f  a 
complete a r r e s t e r  131. 
A l though t h e r e  i s  no g e n e r a l l y  agreed s tandard  f o r  
p o l l u t i o n  t e s t i n g  o f  MOAs most p p T l u t i o n  t e s t s  a r e  
c a r r i e d  o u t  accord ing  t o  t h e  t e s t  prozedures g i v e n  i n  
I E C  507 / 5 / .  T h i s  s tandard  has b&pn' p roved t o  be s u i t -  
a b l e  t o  t e s t  t h e  p o l l u t i o n  per formance o f  s tandard  i n -  
s u l a t o r s .  D e a l i n g  w i t h  t h e  p o l l d $ i O n  per formance o f  
MOAs severa l  e f f e c t s  have t o  be cens iaered.  T h i s  paper 
d e s c r i b e s  t e s t s  per fo rmed t o  under'$tand i n  more d e t a i l  
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t h e  behav iour  o f  p o l l u t e d  MOAs. As a r e s u l t  o f  these 
t e s t s  a new t e s t  p rocedure  f o r  MOAS i n s t a l l e d  i n  areas 
w i t h  a h i g h  p o l l u t i o n  s e v e r i t y  i s  proposed. The method 
can a l s o  be a p p l i e d  d u r i n g  t y p e  t e s t s  t o  demonstrate 
t h e  absence o f  p a r t i a l  d ischarges  i n  a r r e s t e r  u n i t s  
181. 
2 TEST ARRANGEMENT AND MEASURING EQUIPMENT 
The a r r e s t e r  u n i t s  used f o r  t h e  i n v e s t i g a t i o n s  
have t h e  f o l l  owing s p e c i f i c a t i o n s :  
maximum cont inuous  o p e r a t i n g  v o l t a g e  68 kV 
o v e r a l l  l e n g t h  ( w i t h  f l a n g e s )  1270 mm 
c o r e  d i  ameter o f  p o r c e l  a i  n 150 mm 
110 m 
d iameter  o f  v a r i s t o r  e lements 75 mm 
1100 m 
shed d iameter  ( l a r g e / s m a l l  ) 2651235 m 
number o f  sheds ( l a r g e / s m a l l  ) 17/16 
leakage d i s t a n c e  3620 m 
s p e c i f i c  creepage d i s t a n c e  38 m / k V  
i n n e r  d iameter  o f  p o r c e l a i n  
l e n g t h  o f  v a r i s t o r  column 
The v a r i s t o r  column i s  mounted i n s i d e  o f  t h e  
p o r c e l a i n  housing and i s  f i x e d  t o  t h e  housing u s i n g  
d i f f e r e n t  c o n s t r u c t i o n s  depending on t h e  manufac turer .  
I n  most i n d u s t r i a l  des igns  t h e r e  i s  an a i r  i n s u l a t i o n  
between t h e  p o r c e l a i n  housing and t h e  a r r e s t e r  column. 
F i g u r e  1 shows t h e  p r i n c i p a l  c o n s t r u c t i o n .  
A n d  A-A 
6 
C 
. p o r c e l a i n  hous ing .  
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........ sheds- ...........,,, ...... 
F i g u r e  1: P r i n c i p a l  c o n s t r u c t i o n  o f  an a r r e s t e r  u n i t  
For  t h e  measurement o f  t h e  tempera ture  d i s t r i b u -  
t i o n  a long t h e  v a r i s t o r  column a s p e c i a l  sensor  was 
f i x e d  t o  t h e  a r r e s t e r  d i s c s .  The sensor  was b a t t e r y  
opera ted  and i t s  p o s i t i o n  a l o n g  t h e  v a r i s t o r  column 
c o u l d  be changed. The t r a n s m i s s i o n  o f  t h e  tempera ture  
t o  t h e  r e c o r d i n g  system was done v i a  a f i b r e  o p t i c  
l i n k .  T h i s  method c o u l d  be used f o r  temperatures up t o  
80 " C .  To measure t h e  tempera tures  d u r i n g  t h e  same t e s t  
a t  many d i f f e r e n t  p o i n t s  smal l  adhesive t h e r m o s t r i p s  
were used wh ich  i n d i c a t e  t h e  h i g h e s t  tempera ture  d u r i n g  
the  t e s t  by a change of t h e i r  c o l o u r .  
The measurement o f  t h e  vo l tage,  o f  i n t e r n a l  and 
e x t e r n a l  c u r r e n t s  v i a  shunts  and o f  t h e  tempera ture  .o f  
t h e  v a r i s t o r  column d u r i n g  t h e  p o l l u t i o n  t e s t s  was 
accompl ished by use o f  a 16 channel f i b r e  o p t i c  t r a n s -  
m i s s i o n  and r e c o r d i n g  system w i t h  a memory o f  60 kByte  
per  channel ,  a maximum sampl ing r a t e  o f  10 kHz and a 
v e r t i c a l  r e s o l u t i o n  o f  8 b i t .  
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3 PHENOMENA CAUSED BY POLLUTION AND DRY BAND FORMATION 
3 .1  Power Frequency Coup l ing  Phenomena 
D u r i n g  t e s t s  c a r r i e d  o u t  a c c o r d i n g  t o  t h e  s o l i d  
l a y e r  method i t  was observed t h a t  t h e  f o r m a t i o n  o f  d r y  
bands i n f l u e n c e d  t h e  a m p l i t u d e  o f  t h e  measured i n t e r n a l  
c u r r e n t s .  E s p e c i a l l y  when t h e r e  was o n l y  one d r y  zone 
near  t o  one o f  t h e  f l a n g e s  o f  an a r r e s t e r  u n i t  t h e  tem- 
p e r a t u r e  r i s e  o f  t h e  v a r i s t o r  column near  t h e  d r y  band 
was h i g h .  T h i s  was n e a r l y  independent  o f  t h e  presence 
o f  p a r t i a l  a r c s  across  t h e  d r y  zone. To i n v e s t i g a t e  t h e  
i n f l u e n c e  o f  d r y  band f o r m a t i o n  on t h e  s t r e s s e s  o f  t h e  
z i n c  o x i d e  m a t e r i a l  ( r i s e  o f  i n t e r n a l  c u r r e n t  due t o  
c a p a c i t i v e  c o u p l i n g )  a s p e c i a l  t e s t  has been c a r r i e d  
o u t  w i t h  a s i n g l e  a r r e s t e r  u n i t .  F i r s t  t h e  a r r e s t e r  
hous ing  was p o l l u t e d  and d r i e d .  A f t e r w a r d s  a t  a c e r t a i n  
l o c a t i o n  on t h e  p o r c e l a i n  hous ing  a d r y  zone o f  about 
10 % o f  t h e  t o t a l  creepage l e n g t h  was formed a r t i f i -  
c i a l l y  wh ich  was j u s t  l a r g e  enough t o  p r e v e n t  a r c i n g  
across  t h e  d r y  zone. The A . C .  t e s t  v o l t a g e  o f  68 kV was 
a p p l i e d  f o r  s e v e r a l  hours .  D u r i n g  t h i s  t e s t  t h e  i n t e r -  
n a l  and e x t e r n a l  c u r r e n t s  were recorded.  
F i g u r e  '2 shows t h e  t e s t  arrangement w i t h  t h e  e s t i -  
mated v o l t a g e  d i s t r i b u t i o n  a l o n g  t h e  p o l l u t i o n  l a y e r  
and t h e  i n n e r  v a r i s t o r  column f o r  t h r e e  l o c a t i o n s  o f  
t h e  d r y  zone. A t  an A . C .  t e s t  v o l t a g e  o f  68 kV no 
p a r t i a l  a r c s  were b u r n i n g  arct-oss t h e  d r y  zone and a t  
t h e  p o l l u t i o n  l a y e r .  The w e t t i n g  o f  t h e  d r i e d  p o l l u t i o n  
l a y e r  was accompl ished by  an r e l a t i v e  a i r  h u m i d i t y  i n  
t h e  t e s t  room o f  more t h a n  85 %. 
f 
10096 
o l lu t ion  
a r i s t o r  
o l  umn 
0 68 kV 
68kV ,:a elements J 
po<cel a i n  
/' housing 
column --/-ucD 
0 68 kV 
u- 
F i g u r e  2 :  I n f l u e n c e  o f  d r y  band p o s i t i o n  on t h e  
i n t e r n a l  r a d i a l  e l e c t r i c  f i e l d  
Because o f  t h e  c a p a c i t i v e  c o u p l i n g  between t h e  
v a r i s t o r  column and t h e  p o l l u t i o n  l a y e r  t h e  c u r r e n t  i n  
t h e  a r r e s t e r  d i s c s  i s  i n f l u e n c e d  by t h e  v o l t a g e  d i s -  
t r i b u t i o n  a l o n g  t h e  e x t e r n a l  p o l l u t i o n  l a y e r .  T h i s  
l e a d s  t o  l o c a l l y  h i g h e r  s t r e s s e s  o f  v a r i s t o r  e lements  
n e a r  t h e  d r y  zone. 
I n  f i g u r e  3 t h e  cor respond ing  i n t e r n a l  and e x t e r -  
n a l  c u r r e n t s  measured a t  t h e  e a r t h  s i d e  o f  t h e  a r r e s t e r  
u n i t  a r e  shown. I t  can be seen t h a t  i n  t h e  case o f  t h e  
d r y  zone a t  t h e  bo t tom o f  t h e  a r r e s t e r  t h e  r e c o r d e d  
peak v a l u e  o f  t h e  i n t e r n a l  A . C .  c u r r e n t  reaches about 
7 mA wh ich  i s  about  4 t i m e s  h i g h e r  t h a n  t h e  cor respon-  
d i n g  v a l u e  measured a t  t h e  c l e a n  a r r e s t e r  u n i t  ( f i g .  
3 d ) .  The A . C .  c u r r e n t s  a r e  accompanied by i m p u l s i v e  
c u r r e n t  s p i k e s  o f  b o t h  p o l a r i t i e s  ( f i g .  3 c ) .  W i t h  t h e  
d r y  zone a t  t h e  t o p  t h e  sum o f  t h e  a m p l i t u d e s  o f  b o t h  
c u r r e n t s  i s  aga in  about  7 mA b u t  t h i s  t i m e  6 mA a r e  
measured o u t s i d e  and 1 mA i n s i d e .  W i t h  t h e  d r y  zone i n  
t h e  m i d d l e  t h e  sum o f  t h e  ampl i tudes  o f  t h e  A . C .  c u r -  
r e n t s  measured a t  t h e  bo t tom i s  o n l y  about  3 .5  mA (2 mA 
o u t s i d e ,  1 .5  mA i n s i d e ) .  No i m p u l s i v e  c u r r e n t  c o u l d  be 
observed. 
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F i g u r e  3:  I n f l u e n c e  o f  d r y  band p o s i t i o n  on t h e  
I n  F i g u r e  4 t h e  i n f l u e n c e  o f  t h e  d r y  band p o s i t i o n  
on t h e  measured peak ampl i tudes  o f  t h e  i n t e r n a l  A . C .  
c u r r e n t  i s  shown. 
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F i g u r e  4:  I n f l u e n c e  o f  d r y  band p o s i t i o n  on t h e  peak 
I t  can be seen t h a t  depending on t h e  l o c a t i o n  o f  t h e  
d r y  band t h e  a m p l i t u d e  o f  t h e  i n t e r n a l  A . C .  c u r r e n t  
a m p l i t u d e  o f  t h e  i n t e r n a l  A . C .  c u r r e n t  
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v a r i e s  between a va lue  t h a t  i s  s m a l l e r  than under  c l e a n  
c o n d i t i o n s  and a maximum v a l u e  b e i n g  about  4 t imes 
h i g h e r .  The c u r r e n t  ampl i tudes  depend on t h e  c o n s t r u c -  
t i o n  o f  t h e  a r r e s t e r  b u t  t h e  r e l a t i v e  va lues  w i l l  be 
s i m i l a r  f o r  d i f f e r e n t  des igns .  
T h i s  shows t h a t  due t o  t h e  c a p a c i t i v e  c o u p l i n g  
between t h e  p o l l u t i o n  l a y e r  and t h e  z i n c  o x i d e  column 
t h e  ampl i tude o f  t h e  measured i n t e r n a l  A . C .  c u r r e n t  
depends on t h e  l o c a t i o n  o f  t h e  e x t e r n a l  d r y  zone o f  t h e  
p o l l u t i o n  l a y e r .  T h e r e f o r e  under p o l l u t e d  c o n d i t i o n s  i t  
i s  n o t  p o s s i b l e  t o  e s t i m a t e  t h e  s t a t e  o f  an a r r e s t e r  i n  
s e r v i c e  j u s t  by  r e c o r d i n g  and e v a l u a t i n g  t h e  i n t e r n a l  
A . C .  c u r r e n t  a t  t h e  bo t tom f l a n g e .  
3 .2  Thermal S t resses  
I n  a d d i t i o n  t o  t h e  measurements o f  c u r r e n t s  t h e  
maximum temperatures d u r i n g  t h e  above d e s c r i b e d  t e s t s  
were recorded by means o f  t h e r m o s t r i p s  a t t a c h e d  a t  d i f -  
f e r e n t  l o c a t i o n s  a long t h e  v a r i s t o r  column. I n  f i g u r e  5 
t h e  tempera ture  d i s t r i b u t i o n  a long t h e  v a r i s t o r  column 
i s  shown a f t e r  a t e s t  d u r a t i o n  o f  2 hours.  The p o l l u t i -  
on l a y e r  was formed by a c o a t i n g  c o n s i s t i n g  o f  5 g NaCl 
and 100 g B e n t o n i t e  p e r  l i t r e  o f  water  and was a l lowed 
t o  d r y  f o r  one day. D u r i n g  t h e  t e s t  i t  was r e w e t t e d  by 
a r e l a t i v e  a i r  h u m i d i t y  o f  approx imate ly  85 % a t  an 
ambient  tempera ture  o f  30 " C .  
.. ... ii top ..... 1 ambient temperature I !:.-dry zone j 1; t h e m i d d l e  dry zone a t  t h e  t o p  tom 
y - - b o t t o m . . . .  0 '  ' ' ' ' ' ' 
30 40 50 60 70 8O"CSO 
Tmax ---- 
F i g u r e  5: Temperature d i s t r i b u t i o n  a long t h e  v a r i s t o r  
column o f  a s i n g l e  a r r e s t e r  u n i t  w i t h  d i f -  
f e r e n t  d r y  band p o s i t i o n s  
I t can be seen t h a t  w i t h  t h e  d r y  zones a t  t h e  
f l a n g e s  t h e  tempera ture  o f  t h e  sur round ing  v a r i s t o r  
e lements can reach a va lue  o f  about  85 " C .  The maximum 
tempera ture  o f  t h e  v a r i s t o r  e lements w i t h  t h e  d r y  zone 
i n  t h e  m i d d l e  i s  o n l y  about  45 "C .  The symmetry o f  t h e  
tempera ture  p r o f i l e s  shou ld  be no ted  w i t h  t h e  d r y  zone 
a t  t h e  f l a n g e s .  These r e s u l t s  c o n f i r m  t h a t  t h e  A . C .  
c u r r e n t s  a r e  r e s p o n s i b l e  f o r  t h e  tempera ture  r i s e .  A 
s i n g l e  d r y  zone near  t o  one o f  t h e  f l a n g e s  r e s u l t s  i n  
t h e  h i g h e s t  A.C.  c u r r e n t s  th rough t h a t  p a r t  o f  t h e  
a r r e s t e r  e lements and t h e r e f o r e  i n  a h i g h  l o c a l  tem- 
p e r a t u r e  r i s e  near  t h e  d r y  zone. 
To check whether  t h e  r e s u l t s  o b t a i n e d  w i t h  a 
s i n g l e  a r r e s t e r  u n i t  a r e  a l s o  v a l i d  f o r  a m u l t i  u n i t  
a r r e s t e r  t h e  same t e s t  was c a r r i e d  o u t  w i t h  two a r r e s -  
t e r  u n i t s  connected i n  s e r i e s .  The r e s u l t  o f  t h i s  t e s t  
i s  shown i n  F i g u r e  6. The h i g h e s t  tempera ture  o f  t h e  
v a r i s t o r  e lements was o b t a i n e d  w i t h  t h e  d r y  zone o f  t h e  
upper  a r r e s t e r  u n i t  b e i n g  a t  i t s  bo t tom and t h e  d r y  
zone o f  t h e  lower  a r r e s t e r  u n i t  a t  i t s  t o p .  A va lue  as 
h i g h  as 105 " C  was o b t a i n e d  a t  b o t h  v a r i s t o r  columns 
which i s  remarkab ly  h i g h e r  than t h e  va lues  o b t a i n e d  i n  
t h e  s tandard  t e s t  procedures /4 / , /5 / .  D u r i n g  t h e  t e s t s  
no p a r t i a l  a rcs  were b u r n i n g  across  t h e  d r y  zones. 
To g e t  t h e  most severe c o n d i t i o n  f o r  a c e r t a i n  
des ign  i t  i s  i m p o r t a n t  t o  have no a d d i t i o n a l  d r y  band 
fo rmat ion  d u r i n g  t h i s  t e s t  due t o  t h e  A . C .  c u r r e n t  
f l o w i n g  i n  t h e  p o l l u t i o n  l a y e r .  To achieve t h i s  i t  
m i g h t  be necessary t o  e n l a r g e  t h e  a r t i f i c i a l l y  mode l led  
d r y  zone o r  t o  i n c r e a s e  t h e  amount o f  s a l t  used f o r  t h e  
p o l l u t i o n  suspension which w i l l  decrease power d i s s i -  
p a t i o n  i n  t h e  p o l l u t i o n  l a y e r  and p r e v e n t  a d d i t i o n a l  
d r y  band f o r m a t i o n .  T h i s  w i l l  be necessary i n  case o f  
l o n g e r  a r r e s t e r  u n i t s  o r  i n  case o f  a h i g h  c o u p l i n g  
capac i tance between t h e  v a r i s t o r  column and t h e  porce-  
l a i n  housing l e a d i n g  t o  a h i g h e r  c u r r e n t  i n  t h e  p o l l u -  
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F i g u r e  6:  Temperature d i s t r i b u t i o n  a long t h e  v a r i s t o r  
columns o f  two a r r e s t e r  u n i t s  i n  s e r i e s  
w i t h  d i f f e r e n t  d r y  zone p o s i t i o n s  
3.3  I m p u l s i v e  C u r r e n t s  due t o  E x t e r n a l  
o r  I n t e r n a l  Discharges 
Besides t h e  A . C .  c u r r e n t s  r e s p o n s i b l e  f o r  t h e  
thermal s t r e s s e s  o f  t h e  v a r i s t o r  e lements i m p u l s i v e  
c u r r e n t s  were recorded d u r i n g  t h e  p o l l u t i o n  t e s t s  as 
shown i n  f i g u r e  3c. I n  genera l  these c u r r e n t  s p i k e s  can 
be observed on bo th  t h e  i n t e r n a l  and t h e  e x t e r n a l  c u r -  
r e n t  s i g n a l s .  They a r e  caused by  d ischarges  on t h e  
p o r c e l l a i n  s u r f a c e  ( i g n i t i o n  o f  p a r t i a l  a rcs ,  corona 
d i s c h a r g e s )  o r  by i n t e r n a l  d ischarges  between p o r c e l a i n  
and a r r e s t e r  e l  emen t s  . 
3.3.1 I m p u l s i v e  C u r r e n t s  Caused by  I n t e r n a l  Discharges 
I n  case o f  o n l y  one d r y  zone a t  t h e  bot tom f l a n g e  
o f  t h e  a r r e s t e r  housing t h e r e  i s  a h i g h  r a d i a l  e l e c t r i c  
f i e l d  s t r e n g t h  between t h e  p o l l u t i o n  l a y e r  and t h e  
v a r i s t o r  e lements .  T h i s  e l e c t r i c  f i e l d  i s  caused by t h e  
f u l l  a p p l i e d  t e s t  v o l t a g e  o n l y  reduced by a smal l  v o l t -  
age drop a long t h e  o u t s i d e  p o l l u t i o n  l a y e r  and t h e  
v o l t a g e  drop a long a few bot tom v a r i s t o r  e lements (see 
f i g .  2 ) .  Th is  v o l t a g e  between t h e  v a r i s t o r  e lements and 
t h e  p o l l u t i o n  l a y e r  i s  d i s t r i b u t e d  between t h e  porce-  
l a i n  housing and t h e  i n t e r n a l  i n s u l a t i o n  system accor -  
d i n g  t o  t h e  geomet r ica l  arrangement and t h e  d i e l e c t r i c  
p e r m i t t i v i t y  o f  t h e  m a t e r i a l s  used. I f  t h e  i n t e r n a l  
i n s u l a t i o n  system between p o r c e l a i n  and a r r e s t e r  e l e -  
ments i s  n o t  p r o p e r l y  des igned d ischarges  may occur .  
A s l i g h t  corona d ischarge a t  t h e  s u r f a c e  o f  t h e  
v a r i s t o r  e lements o r  on t h e  i n t e r n a l  p o r c e l a i n  housing 
r e s u l t s  i n  a smal l  apparent  charge i n  t h e  pC range. I n  
t h i s  case no sp ikes  on t h e  measured c u r r e n t  s i g n a l s  can 
be seen. However, i f  t h e r e  are  observed complete f l a s h -  
overs  i n  t h e  i n s u l a t i o n  system between t h e  i n t e r n a l  
p o r c e l a i n  housing and t h e  v a r i s t o r  e lements,  t h e  c o r r e -  
sponding charge i s  i n  t h e  nC range and causes sp ikes  on 
t h e  measured i n t e r n a l  and e x t e r n a l  c u r r e n t  s i g n a l s  
( f i g .  7 ) .  I n  most cases o n l y  one i n t e r n a l  d i s c h a r g e  
d u r i n g  a 50 Hz h a l f  p e r i o d  c o u l d  be observed.  These 
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i n t e r n a l  d i scha rges  can occu r  i n  t h e  p o s i t i v e  and i n  
t h e  n e g a t i v e  ha1 f p e r i o d .  
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F i g u r e  7:  I m p u l s i v e  c u r r e n t s  caused b y  i n t e r n a l  
d i scha rges  (Dry  zone a t  t h e  bo t tom o f  t h e  
p o r c e l a i n  hous ing )  
I t  can be seen ( f i g .  7 )  t h a t  t h e  amp l i t udes  o f  t h e  
n e g a t i v e  sp i kes  of t h e  i n t e r n a l  c u r r e n t  s i g n a l  a r e  
h i g h e r  than  t h e  p o s i t i v e  ones. T h i s  phenomena can be 
e x p l a i n e d  w i t h  t h e  d i f f e r e n t  breakdown v o l t a g e s  o f  i n -  
homogeneous gaps. 
I f  t h e  d r y  zone i s  i n  t h e  upper  p a r t  of t h e  a r r e s -  
t e r  u n i t  no c u r r e n t  s p i k e s  can be measured w i t h  a meas- 
u r i n g  shun t  a t  t h e  bo t tom o f  t h e  a r r e s t e r  u n i t  ( see  
f i g .  3 ) .  
3 . 3 . 2  I m p u l s i v e  C u r r e n t s  Caused by  E x t e r n a l  D ischarges  
C u r r e n t  p u l s e s  on t h e  measured i n t e r n a l  and e x t e r -  
n a l  c u r r e n t s  due t o  e x t e r n a l  d i scha rges  a r e  caused by 
t h e  i g n i t i o n  of p a r t i a l  a r c s  on t h e  p o l l u t i o n  l a y e r  b u t  
a l s o  by  g low  d i scha rges  on t h e  p o r c e l a i n  su r face .  To 
ensure t h a t  t h e r e  a r e  o n l y  e x t e r n a l  d i scha rges  when 
i n v e s t i g a t i n g  t h e i r  i n f l u e n c e  on t h e  c u r r e n t  s i g n a l s  
t h e  i n t e r n a l  a i r  volume o f  t h e  a r r e s t e r  under  t e s t  was 
f i l l e d  w i t h  SFg. Due t o  t h e  3 t imes  h i g h e r  d i e l e c t r i c  
s t r e n g t h  o f  SFg compared t o  a i r  i n t e r n a l  d i scha rges  d i d  
n o t  occu r  and t h e  i n f l u e n c e  o f  e x t e r n a l  d i scha rges  on 
t h e  c u r r e n t  s i g n a l s  c o u l d  be s t u d i e d .  F i g u r e  8 shows 
t h e  i n t e r n a l  and e x t e r n a l  c u r r e n t s  measured a t  t h e  
bo t tom f l ange  o b t a i n e d  w i t h  g low d i scha rges  near  t o  t h e  
d r y  zone. These e x t e r n a l  g low d i scha rges  r e s u l t  i n  
sma l l  c u r r e n t  sp i kes  o f  a few m i l l i a m p e r e s .  F o r  MO a r -  
r e s t e r s  these  smal l  c u r r e n t  s p i k e s  a r e  n o t  dangerous 
because t h e i r  c o n t r i b u t i o n  t o  t h e  i n t e r n a l  power d i s s i -  
p a t i o n  i s  n e g l i g i b l e  compared t o  t h e  50 Hz c u r r e n t s  
caused by  c a p a c i t i v e  c o u p l i n g  between t h e  p o r c e l a i n  
hous ing  and t h e  v a r i s t o r  column. 
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F i g u r e  8: C u r r e n t  s p i k e s  caused by  e x t e r n a l  
g low  d i scha rges  ( D r y  zone a t  t h e  
bo t tom o f  t h e  p o r c e l a i n  hous ing )  
The i m p u l s i v e  c u r r e n t s  caused by s i n g l e  p a r t i a l  
a r c s  ( f i g .  9 )  can have a much h i g h e r  amp l i t ude  t h a n  
t h a t  ones caused by e x t e r n a l  g low  d i scha rges .  D u r i n g  
p o l l u t i o n  t e s t s  w i t h  s i n g l e  a r c s  ac ross  d r y  zones 
c u r r e n t  p u l s e s  i n  t h e  i n t e r n a l  and e x t e r n a l  c u r r e n t  
s i g n a l  up t o  1 A c o u l d  be measured i f  t h e  d r y  zones 
were a t  t h e  bo t tom f l a n g e  ( f i g .  9 b ) .  Again these  c u r -  
r e n t  sp i kes  c o u l d  o n l y  be measured i f  t h e  d r y  zone was 
a t  t h e  bo t tom f l a n g e .  I n  a d d i t i o n  t h e  shape and t h e  
amp l i t ude  o f  t hese  c u r r e n t s  i s  q u i t e  s i m i l a r  t o  t h e  
c u r r e n t  p u l s e s  caused by i n t e r n a l  d i scha rges .  I t  shou ld  
be no ted  t h a t  under n a t u r a l  p o l l u t i o n  a r c i n g  across a 
d r y  zone i s  a r a t h e r  u n s t a b l e  process.  A s i n g l e  a r c  
ac ross  a d r y  zone w i l l  occu r  r a t h e r  seldom f o r  a l o n g e r  
t i m e .  I t  can o n l y  e x i s t  i f  t h e  su r face  c o n d u c t i v i t y  i s  
smal l  and t h e  w e t t i n g  r a t e  o f  t h e  p o l l u t i o n  l a y e r  has a 
c e r t a i n  v a l u e .  Under n a t u r a l  p o l l u t i o n  n o r m a l l y  g low 
d i scha rges  w i  11 occu r .  
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b. i n t e r n a l  c u r r e n t  
F i g u r e  9 :  C u r r e n t  s p i k e s  caused by  e x t e r n a l  d i scha rges  
a. D ry  zone a t  t h e  t o p  o f  t h e  housing 
b .  D r y  zone a t  t h e  bo t tom o f  t h e  hous ing  
I n  summary o f  t h e  o b s e r v a t i o n s ,  i t  can be con- 
c l u d e d  t h a t  i n t e r n a l  c u r r e n t  s p i k e s  produced by e i t h e r  
e x t e r n a l  o r  i n t e r n a l  d i scha rges  a r e  s i m i l a r .  I f  e x t e r -  
n a l  and i n t e r n a l  d i scha rges  occu r  a t  t h e  same t i m e  i t  
i s  i m p o s s i b l e  t o  dec ide  which sp i kes  i n  t h e  i n t e r n a l  
c u r r e n t  s i g n a l  were caused by i n t e r n a l  and wh ich  were 
caused by  e x t e r n a l  d i scha rges .  T h e r e f o r e  i t  i s  neces- 
s a r y  t o  a v o i d  e x t e r n a l  d i scha rges  i f  an a r r e s t e r  has t o  
be checked f o r  i n t e r n a l  d i scha rges .  T h i s  can be pe r -  
formed d u r i n g  t y p e  t e s t s .  Then t h i s  p rocedure  i s  an 
e x c e l l e n t  method t o  compare d i f f e r e n t  c o n s t r u c t i o n s  o f  
i n t e r n a l  i n s u l a t i o n  systems and t o  p rove  f o r  a c e r t a i n  
des ign  t h e  absence o f  i n t e r n a l  d i scha rges  under  ext reme 
c o n d i t i o n s  . 
3.3.3 T h e o r e t i c a l  I n v e s t i g a t i o n s  
To p rove  t h e  a f o r e  ment ioned behav iou r  a model o f  
a MO a r r e s t e r  u n i t  under  p o l l u t i o n  was developed.  Fo r  
t h e  c a l c u l a t i o n  o f  t h e  i n t e r n a l  and e x t e r n a l  c u r r e n t s  
t h e  e q u i v a l e n t  c i r c u i t  shown i n  f i g u r e  10 was used. The 
t o t a l  a r r e s t e r  u n i t  i s  modeled by  a s e r i e s  connec t ion  
o f  5 s i n g l e  a r r e s t e r  elernent,s c o n s i d e r i n g  t h e  e l e c t r i -  
c a l  c h a r a c t e r i s t i c s  o f  t h e  MO m a t e r i a l  ( R ( i ) ,  C ) ,  t h e  
c o u p l i n g  capac i tances  between t h e  p o l l u t i o n  l a g e r  and 
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t h e  v a r i s t o r  column (Cp, c k )  and t h e  i n f l u e n c e s  o f  t h e  
p o l l u t i o n  l a y e r  and t h e  d r y  zone (Rp, R c ) .  
p o r c e l a i n  
p o l  1 u t i  on. 
1 ayer  
?as ' 




F i g u r e  10: Model o f  an a r r e s t e r  u n i t  under p o l l u t i o n  
R ( i )  - n o n l i n e a r  r e s i s t o r  
C - capac i tance o f  v a r i s t o r  m a t e r i a l  
C; - c o u p l i n g  capac i tance o f  i n t e r n a l  
i n s u l a t i o n  system (e.g.  a i r )  
C - coup1 i n g  capac i tance o f  p o r c e l a i n  
RP - p o l l u t i o n  r e s i s t a n c e  
Rp - r e s t i s t a n c e  o f  d r y  zone 
Cc - l o n g i t u d i n a l  capac i tance 
Assuming d i f f e r e n t  breakdown p o s i t i o n s ,  e:g. 
across t h e  d r y  zone o r  between t h e  p o r c e l a i n  housing 
and t h e  v a r i s t o r  e lements ( c a p a c i t a n c e  C ) ,  t h e  i n t e r -  
n a l  and e x t e r n a l  c u r r e n t s  a t  t h e  bo t tom & r e  c a l c u l a t e d  
and compared t o  t h e  measurement. I n  f i g u r e  11 t h e  c a l -  
c u l a t e d  c u r r e n t  s i g n a l s  a r e  shown f o r  an i n t e r n a l  
breakdown across c k .  These s i g n a l s  have t o  be compared 
t o  t h e  r e s u l t s  of t h e  measurement i n  f i g u r e  3.  
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F i g u r e  11: I n f l u e n c e  o f  t h e  d r y  band p o s i t i o n  on t h e  
c a l c u l a t e d  shape o f  i n t e r n a l  and e x t e r n a l  
c u r r e n t s  w i t h  an i n t e r n a l  breakdown 
( a c r o s s  c k )  
a. d r y  zone a t  t h e  t o p  
b. d r y  zone a t  t h e  bo t tom 
The comparison r e s u l t s  i n  a r a t h e r  good agreement 
and c o n f i r m s  t h e  assumpt ions f o r  t h e  model. The f i r s t  
peak i n  t h e  i n t e r n a l  c u r r e n t  ( f i g .  l l b )  i s  due t o  t h e  
n o n l i n e a r  r e s i s t o r ,  t h e  breakdown o f  t h e  i n n e r  i n s u l a -  
t i o n  system r e s u l t s  i n  t h e  h i g h  c u r r e n t  sp ikes .  S i m i l a r  
shapes o f  c u r r e n t  s i g n a l s  can be observed i n  f i g .  3c. 
A l s o  t h e  i n t e r n a l  breakdown w i t h  a d r y  zone a t  t h e  t o p  
( f i g .  l l a  and f i g .  3a) r e s u l t s  i n  comparable c u r r e n t  
s i g n a l s .  
I n  f i g u r e  12 t h e  c u r r e n t  s i g n a l s  f o r  an e x t e r n a l  
breakdown across t h e  d r y  zone a r e  shown. These c a l c u l a -  
t e d  s i g n a l s  have t o  be compared w i t h  t h e  measured s i g -  
n a l s  o f  f i g u r e  9.  Again t h e  shape o f  t h e  c u r r e n t  s i g -  
n a l s  a re  i d e n t i c a l ,  c o n f i r m i n g  t h e  c o r r e c t  m o d e l l i n g .  
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F i g u r e  12: I n f l u e n c e  o f  t h e  d r y  band p o s i t i o n  on t h e  
c a l c u l a t e d  shape o f  i n t e r n a l  and e x t e r n a l  
c u r r e n t s  w i t h  an e x t e r n a l  breakdown across 
t h e  d r y  zone 
a. d r y  zone a t  t h e  t o p  
b.  d r y  zone a t  t h e  bo t tom 
Thus f u r t h e r  i n v e s t i g a t i o n s  can be per formed w i t h  
computer model. The c a l c u l a t e d  shapes show t h a t  t h e  
r e l a t i v e  h i g h  v o l t a g e  across t h e  d r y  zone may cause 
h i g h  c u r r e n t s  i n  t h e  a d j a c e n t  a r r e s t e r  e lements l o c a t e d  
i n  t h e  n o n l i n e a r  r e g i o n  o f  t h e i r  v o l t a g e / c u r r e n t  char -  
a c t e r i s t i c .  T h i s  r e s u l t s  i n  a h i g h e r  power d i s s i p a t i o n  
l e a d i n g  t o  an inc reased tempera ture .  The c h a r a c t e r i s t i c  
shape o f  t h e  c u r r e n t  s i g n a l s  f o r  e x t e r n a l  o r  i n t e r n a l  
breakdowns can be i n v e s t i g a t e d  and used f o r  c o n t r o l 1  i n g  
t h e  per formance o f  a r r e s t e r  u n i t s  i n  s e r v i c e .  
4 RESULTS OF POLLUTION TESTS WITH 
STANDARD TEST PROCEDURES 
F o r  comparison t o  our  t e s t s  descr ibed above p o l l u -  
t i o n  t e s t s  accord ing  t o  t h e  ANSI t e s t  procedure /4 /  and 
t h e  s o l i d  l a y e r  t e s t  p rocedure  / 5 /  were c a r r i e d  o u t .  
4 . 1  P o l l u t i o n  Tes ts  accord ing  t o  t h e  
ANSI Tes t  Procedure- 
F i g u r e  13 shows t h e  tempora l  development o f  t h e  
tempera tures  measured i n  t h e  midd le  o f  t h e  v a r i s t o r  
columns o f  a two u n i t  z i n c  o x i d e  a r r e s t e r  w i t h  a t e s t  
v o l t a g e  o f  136 kV. 
The one hour c o n d i t i o n i n g  t e s t  r e s u l t e d  i n  a tem- 
p e r a t u r e  r i s e  o f  t h e  upper a r r e s t e r  u n i t  o f  about  2 "C .  
The f o l l o w i n g  15 m i n u t e  t e s t  c y c l e  w i t h  t h e  p o l l u t i o n  
l a y e r  a p p l i e d  t o  t h e  bo t tom p o r c e l a i n  housing causes an 
a d d i t i o n a l  temperature r i s e  o f  18 " C  and t h e  second 
15  minu te  t e s t  c y c l e  g i v e s  another  tempera ture  r i s e  o f  
12 " C .  Dur ing  t h e  f o l l o w i n g  70 minu tes  t h e  tempera ture  
o f  t h e  v a r i s t o r  column decreases s t e a d i l y  which proves 
thermal s t a b i l i t y  o f  t h e  a r r e s t e r .  There fore  t h e  t e s t  
v o l  t a y e  i s  sw i tched o f f .  
693 
bottom, half 
of porcelain housing 
pol 1 uted 
I I  1 1  
I 
0 20 40 60 80 100 120 140 160rnin180 
t -  
Figure 13: Temporal development of the temperature 
of the upper v a r i s t o r  column during an  
A . C .  pol lut ion t e s t  of a 136 kV two u n i t  
zinc oxide a r r e s t e r  according t o  the ANSI 
t e s t  procedure 
The t e s t s  carr ied out with two a r r e s t e r  un i t s  in  
s e r i e s  showed a good reproducabi l i ty  and  a small sca t -  
t e r  of the obtained temperature r i s e s .  The temperature 
r i s e  i s  caused by coupling in the leakage current  o f  
the bottom a r r e s t e r  un i t  t o  the var i s tor  column of the 
upper a r r e s t e r  u n i t .  Due t o  the clean housing of the 
upper uni t  there  are  no s t r e s s e s  due to  a high radial  
e l e c t r i c  f i e l d  inside of the top a r r e s t e r  u n i t .  
Tests w i t h  a s ing le  a r r e s t e r  un i t  with the lower 
50 % of the porcelain housing polluted resul ted in a 
smaller temperature r i s e  of about 10  "C a f t e r  a t e s t  
duration of 3 hours. I n  case of a high a i r  humidity of 
95 % inside of the t e s t  room the temperature r i s e  was 
u p  t o  30 " C  due t o  the wetting of the applied pol lut ion 
1 ayer .  
I n  p r inc ip le  t h i s  t e s t  corresponds t o  the 
pol lut ion t e s t s  described in sect ion 3 . 1 .  The only 
differences are  the la rger  dry zone and  the other  
method used for  the wetting of the pol lut ion layer  
influencing the duration of the t e s t .  The r e s u l t s  can 
be explained by the la rger  dry zone leading t o  a 
smaller radial  e l e c t r i c  f i e l d .  As a consequence the 
A . C .  cur ren ts  coupled i n  the a r r e s t e r  wil l  be reduced 
which r e s u l t s  in a smaller temperature r i s e .  
4 . 2  Pol lut ion Test According t o  the 
Solid Layer Method 
The suspension used for  the pol lut ion of the 
a r r e s t e r s  consis ted of 40 g Bentonite a n d  5 g sodium 
chlor ide (NaC1)  per l i t r e  of water. The wetting of the 
pol lut ion layer  was done by steam fog. The m a x i m u m  sur-  
face conduct ivi ty  was about 10 pS. After the appl ica-  
t ion  of the t e s t  voltage the temperatures of the var i s -  
t o r  elements o f  the a r r e s t e r s  under t e s t  were measured 
by a small bat tery operated sensor inside of the a r res -  
t e r  housing mounted in the middle of the v a r i s t o r  col-  
umn, which t ransmit ted the measured temperature values 
via an  opt ical  f i b r e  t o  a receiver  u n i t .  The maximum 
temperatures were obtained 4 t o  5 hours a f t e r  the 
appl icat ion of the A . C .  t e s t  voltage and  were in the 
range from 5 t o  20 "C. The reproducabi l i ty  of these 
t e s t s  was bad  indicated by a big s c a t t e r  of the maximum 
temperatures. 
As shown i n  f igures  5 and  6 the thermal s t r e s s  of 
the v a r i s t o r  elements i s  mainly caused by the coupling 
in of 50 Hz cur ren ts  due t o  d i f f e r e n t  voltage d is t r ibu-  
t ions  inside and  outs ide of the a r r e s t e r .  The maximum 
temperature r i s e  and  i t s  positiori a t  the var i s tor  col-  
umn depends on the number a n d  posi t ion of the dry zones 
on the porcelain housing which randomly var ies  d u r i n g  
pol lut ion t e s t s  according t o  the so l id  layer  method. 
This i s  the reason for  the big s c a t t e r  in the t e s t  re- 
s u l t s .  The same explanation may be valid for  a large 
s c a t t e r  reported on A . C  pol lut ion t e s t s  with the s a l t  
fog t e s t  procedure / 3 / .  
4.3 A New Proposal for  Pol lut ion Testing of MOAS 
The above t e s t  r e s u l t s  have shown t h a t  the c r i t i -  
cal conditions for  metal oxide a r r e s t e r s  under pol lu-  
t ion  are  not always covered by the conditions modelled 
by the standard t e s t  procedures. For t h i s  reason a t e s t  
procedure for  type t e s t i n g  of a r r e s t e r  un i t s  or for  
comparing d i f f e r e n t  designs i s  proposed which should be 
used t o  s u b s t i t u t e  or a t  l e a s t  t o  complete other  proce- 
dures for  pol 1 u t i  on t e s  t i  ng  o f  M O A S .  
The proposed t e s t  procedure cons is t s  of a check of 
thermal s t a b i l i t y  and  of a t e s t  which allows t o  de tec t  
in te rna l  discharges under extreme condi t ions.  The pro- 
posed t e s t  has t o  be car r ied  out  as follows: 
The a r r e s t e r  under t e s t  has t o  be polluted and  dried 
as described in the so l id  layer  method / 5 / .  The sus- 
pension for  the coating of the porcelain housing 
should cons is t  of 5 g NaCl and  100 g Bentonite per 
l i t r e  of water. 
A t  the  bottom flange of the a r r e s t e r  a dry zone of 
about 10 % o f  the creepage length has t o  be model- 
led.  To prevent during the following t e s t  addi t ional  
dry band  formation on the pol lut ion layer  and arcing 
across the dry zone i t  m i g h t  be necessary t o  i n -  
crease the length o f  the  modelled dry zone or the 
amount of s a l t  used for  the pol lut ion layer .  
For the Reasurement of the temperatures a1 ong the 
var i s tor  column serveral smal 1 adhesive thermostrips 
may be placed along the var i s tor  column indicat ing 
the maximum temperature by a change of t h e i r  colour .  
Afterwards the a i r  humidity i n  the t e s t  room i s  i n -  
creased t o  85 % and  the A . C .  t e s t  voltage equal t o  
the maximum continuous operating voltage of the a r -  
r e s t e r  i s  applied for  5 hours. 
The a r r e s t e r  i s  checked for  internal  discharges by 
measuring the current  through the v a r i s t o r  column a t  
the bottom f lange.  The a r r e s t e r  under t e s t  i s  f r e e  
of in te rna l  discharges i f  there  are  no current  
spikes superimposed t o  the regis tered A.C. current  
s i g n a l .  I t  i s  important t o  have no external d i s -  
charges near t o  the bottom flange during t h i s  t e s t .  
The tes ted  a r r e s t e r  has t o  be checked for  in te rna l  
damages by measuring i t s  power d iss ipa t ion  before 
a n d  a f t e r  the pol lut ion t e s t  under clean conditions 
a t  approximately the same temperature. The evaluated 
values should not d i f f e r  by more t h a n  10 %. 
The evaluation of the maximum temperature of the 
var i s tor  elements obtained during t h i s  t e s t ,  indi-  
cated by the thermostr ips ,  gives additional in for -  
mation about the thermal s t r e s s e s  the a r r e s t e r  has 
been exposed t o  during t h i s  t e s t .  
I t  should be noted t h a t  fo r  these t e s t s  i t  i s  not 
necessary t o  have a powerful t e s t  source as i t  i s  for  
the standard pol lut ion t e s t  procedures because there  
are  no high current  par t ia l  a rcs .  Furthermore i t  has t o  
be noticed t h a t  the  t e s t  r e s u l t s  are  not much i n f l u -  
enced by the degree of pol lut ion in terms of ESDD or  
surface conduct ivi ty  b u t  mainly by a s u f f i c i e n t  wetting 
of the applied layer .  A t  a r e l a t i v e  a i r  humidity of 
more t h a n  85 % t h i s  wetting i s  ensured and  the repro- 
ducabi l i ty  of the procedure was found t o  be ra ther  
good. 
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5 CONCLUSIONS REFERENCES 
Dry band f o r m a t i o n  on p o l l u t e d  metal  o x i d e  surge 
a r r e s t e r s  a t  A .C .  v o l t a g e s  may r e s u l t  i n :  
- r i s e  o f  t h e  i n t e r n a l  A . C .  c u r r e n t  i n  t h e  a r r e s t e r  
column up t o  4 t imes h i g h e r  than under c l e a n  c o n d i -  
t i o n s  due t o  t h e  c a p a c i t i v e  coup1 i n g  between t h e  
p o l l u t i o n  l a y e r  and t h e  v a r i s t o r  column, i f  t h e  d r y  
band i s  near  t o  one o f  t h e  f l a n g e s .  
- h i g h  l o c a l  tempera tures  a t  t h e  v a r i s t o r  column near  
t o  t h e  d r y  band depending on t h e  s i z e  and p o s i t i o n  
o f  t h e  d r y  band. 
- d ischarges  i n s i d e  o f  t h e  a r r e s t e r  due t o  a h i g h  
r a d i a l  e l e c t r i c  f i e l d  s t r e n g t h  i n d i c a t e d  by  c u r r e n t  
sp ikes  superimposed t o  t h e  i n t e r n a l  A . C .  c u r r e n t .  
The proposed t e s t  procedure i s  an ext reme l o n g  du- 
r a t i o n  t e s t  m o d e l l i n g  w o r s t  c o n d i t i o n s  caused by  a r t i -  
f i c i a l  s i n g l e  d r y  band f o r m a t i o n  under  h i g h  a i r  humid- 
i t y .  I t  can be a p p l i e d  t o  check t h e  thermal  s t a b i l i t y  
o f  a r r e s t e r s  under ext reme c o n d i t i o n s .  I n  a d d i t i o n  t h e  
procedure can be used t o  compare d i f f e r e n t  des igns  i n  
r e s p e c t  t o  i n t e r n a l  d ischarges .  The p r o t e c t i o n  o f  t h e  
a r r e s t e r  b l o c k s  a g a i n s t  t h e  e f f e c t  o f  i n t e r n a l  d i s c h a r -  
ges can be i n v e s t i g a t e d  under c o n t r o l l e d  c i rcumstances .  
Dur ing  t h e  t e s t  i n t e r n a l  d ischarges  can be de tec-  
t e d  by measur ing t h e  i n t e r n a l  c u r r e n t  o f  t h e  v a r i s t o r  
e lements a t  t h e  bo t tom f l a n g e .  T h i s  i s  p o s s i b l e  due t o  
t h e  d r y  band a t  t h e  bo t tom f l a n g e  and t h e  absence o f  
e x t e r n a l  d ischarges .  The t e s t  p rocedure  has a good r e -  
p r o d u c a b i l i t y  due t o  t h e  absence o f  e x t e r n a l  p a r t i a l  
a rcs .  The a r t i f i c i a l  m o d e l l i n g  o f  a s i n g l e  d r y  zone 
r e s u l t  i n  a s t a b l e  l o n g  t i m e  d u r a t i o n  s t r e s s  f o r  t h e  
a r r e s t e r  under  t e s t .  
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K. Feser: We would like to thank Mr. Musa for his 
discussion giving us the opportunity to clarify our 
intention. The proposed test procedure is recommended 
as a design test for an arrester and not as a routine 
test. It should show the correct internal construc- 
tion under heavy conditions of contamination. Normal- 
ly this condition is not given under field environ- 
ment. The purpose o f  this test is to demonstrate even 
under :ei’ere cc;nditicns t h s  atxencc of partial arcs  
inside the arrester. These partial arcs were respon- 
sible for complete arrester destruction under service 
condition in a polluted area. By comparing different 
designs or by assuming a certain severity of pollu- 
tion the test can demonstrate the adequate internal 
construction and the thermal stability of arrester 
blocks. The test i s  not intended to replace any pol- 
lution test on the complete arrester, especially tak- 
ing into account the external housing design or wash- 
ing procedure. 
M a n u s c r i p t  r e c e i v e d  O c t o b e r  2 4 ,  1990.  
Y. I. Musa (AEPSc, Columbus, Ohio): The authors of the “Behavior of 
Zinc Oxide Surge Arrester Under Pollution” are to be congratulated for 
writing a fine paper. The authors concentrated on the arrester internal 
design which is important to the arrester stability when it is subjected to 
contamination. However, the authors didn’t address the importance of the 
arrester external housing design, leakage distance and porcelain shed 
design. Also arrester contaminant washing during clean fog test and means 
to assure arrester contaminant wetting during their proposed tests. 
The purpose of the contaminant test is to simulate field condition as 
much as possible which I didn’t see in the paper. It is difficult to see the 
arrester contaminated in the field with a dry band at the bottom of the 
arrester. In my opinion, the contamination test specified in ANSI/IEEE 
C6211-1987 is only a partial wetting test and not a complete contamination 
test for the arrester. I believe that an overall contamination test for zinc 
oxide arrester should be investigated keeping in mind the arrester internal 
design as indicated in this paper. 
Two main reasons for arrester contamination should be considered 1) 
arrester thermal runaway and 2) partial or complete arrester flashover. I 
would like the authors to respond to the following questions: 
1) How does the new proposed method simulate field condition? 
2) How does the new proposed method test the arrester design for partial 
3) How does the new proposed test prevent contaminant washing during 
or complete arrester flashover? 
the test? 
